
Segmented Ion Engine Plume Characteristics

“AIAA-94-2740

C. Michael Tierncy*, John R, Brophy**, Jucrgen Mueller***
Jet Propulsion Laboratory

Cal fornia  Institute of Technology
Pasadena, Calfornia

Preliminary evaluation of the segmented ion thruster (SIT) ion beam characteristics
was performed by measuring the two dimensional ion current density distribution at
four axial locations downstream from the thruster. Current density profiles were
measured with the concurrent operation of multiple ion sources. Preliminary
assessments regarding symmetry of the plume, characterization of plume  development
as a function of axial position, and the interactions of multiple simultaneously
operating ion sources were conducted. A numerical integration scheme was applied
to the acquired data to determine the total beam current. These calculated values were
generally within 5% of the values measured by the SIT power processing electronics.
Asymmetries of the ion beam about the centerline of the ion source were observed for
segments A and C. A qualitative analysis of the downstream development of the ion
beam was conducted. The widening of the beam and increase in uniformity of the
current density were noticed. The reconstruction of current density profiles produced
from simultaneous operation of multiple ion sources using data obtained from the
operation of single ion sources was attempted. Unfortunately this produced only
limited success. An initial assessment of the divergence of the plume found that a
10° half cone angle would contain most of the ion beam. Most of the data acquired
thus far has been on somewhat of a trial basis and extensive testing is scheduled to
resume in August 1994.

Nomenclature

x= Position of Traverse with Respect to Origin Along
X Axis

Y= Position of Traverse with Respect to Origin Along
Y Axis

7.= Position of Traverse with Respect to Origin Along
Z Axis

As with any ion thruster used for spacecraft propulsion,
important operating information, including thruster
lifetime, spacecraft contamination, and ion optics
performance, can bc derived from characteristics of the
exhausted ion beam. ODcration  of the se~mcnted  ion
thruster raises additional i(sues  which can be r&olved

~—

Introduction

The segmcntul  ion thruster is being developed by JPL for
potential application to solar system exploration
missions, [l] As shown in Figs, 1 and 2, the segmented
ion thruster consists of four separate ion sources, each with
its own 3 grid ion optics. Each of these ion sources can be
operated independently or in any combination, This
capability facilitates throttling of the scgmcntcd  ion
thruster to accommodate the reduction of available power
from solar arrays as the spacecraft’s orbit trajectory moves
farther from the Sun.
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lhrough analysis and characterization of the exhausted ion
beam. This includes multiple ion beam interaction and the
resulting impact on the lifetime, contamination, and
optics performance. Likewise, repeatability of construction
and operation of the individual ion sources can be
addm&xl.

Figure 2

Thus far in performance of the segmented ion thrust
plume  characterization the ion current density profile f
individual and a single pair of ion sources have been
investigated, In relation to the lifetime issues, the ion
current density profile will assist in the understanding of
grid erosion mechanisms due to regions of high or low ion
impingement rates, The divergence of the ion beam will
aid in evaluation of spacecraft integration issues.
Pcrformancc  of the ion grid optics can be assessed through
evaluation of the current density profile which include
evaluation of grid hole alignment,

Apparatus

Test Facililic~

Testing was conducted in a 2.4 m-dia, x 5 m long
stainless steel vacuum facility with an effective pumping
speed on Xc of -14,000 L/s, A more detailed description
of the facility and scgmcntcd ion thruster support hardware
is given if Ref. 1.

seemcnte41 Ion Thruster

The 4x15-cm scgmcntcd  ion thruster shown in Fig, 1 is
made up of four 15-cm diameter ion sources of the type
dcscribcd  in Ref. 2. Each ion source is a modified, scakxt-
down version of the NASA light-weight, 30-cm diameter
ring-cusp thrustcr[3].  Each discharge chamber body is made
of 6061 aluminum and the ring-cusp magnetic field
configuration is formed from two rings of samarium-cobalt
magnets; onc positioned at the upstream cnd near the

cathode and the other at the downstream end near the
accelerator systcm. Two of the ion sources have the
polarity of their magnet rings reversed to give a right- and
Ieft-handedness to the sources. In the segmented engine
configuration, the ion sources (or segments) are integrated
such that segments A and C are right-handed and B and D
arc left-handed.

The ion source segments are integrated onto a base plate
structure at ground potential. Electrical insulators between
the segments and to the centrally located neutralizer
assembly are used to make the overall structure very rigid.
Each ion source is electrically isolated from the others.
Electrical integration of the ion source segments is
accomplished at the power supplies. This enables a faulty
ion source to bc isolated from the others. A single,
centrally-located neutraliizr  cathode is used to neutralize all
of the ion sources. For a propulsion system which
consists of a single segmented ion engine, a second
neutralizer cathode would likely be included for redundancy.

Operational Characteristics

The following table lists the relevant operating
characteristics of the segmented ion thruster for the tests
dcscribcd in this paper.

Table A
Parameter Value

I Current i 425 mA
1303 v 4

Beam

=4’05-mA 1

_ 2.51 mA
-151 v - - l

Keeper Current I 0.45 A - 1

Grids

Three-sets of 3-grid ion accelerator systems were
fabricated from carbon-carbon. A fourth set was damaged
during fabrication and couldn’t bc used. Ion source
segments A, B, and C were equipped with the carbon-
carbon grids. Segment D was equipped with a 3-grid,
graphite accelerator system as described in Ref. 2. The
gcomctrics  of the carbon-carbon and graphite grids are
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summarized in Ref. 4 as arc details of the fabrication and
operation of the carbon-carbon grids,

shown in Fig, 4, the probes arc composed of two primary
picccs,  the button and the cup, ‘f’he button and cup are
electrically isolatd,

Figure 3

C u p  Mas W i r e  _+

[ -20V To F’OWCr  Sq@y

cup I

ButIon

-<

Probe Curren\ W!re

.20V

.-. .— .— ..——.-
L — . . . . . . — —

Figure 4

To DAQ

–h

I’robe Sys@m

The probe systcm as shown in Fig. 3 consists of nine
Faraday cups mounted to a 3-axis, computer controlled
probe positioning system. These cups are horizontally
mounted with 5 cm ccntcr spacing bctwczn each probe. As

The face of the button (side which is pointed towards the
ion source), is 2.3 cm in diameter and is coated with -0.1
cm of tungslen.  This coating is used in order to reduce the
secondary electron emission assoeiatul  with the impinging
ion beam. In order to repel  free electrons in the ion beam
the button and cup arc biased -20 V with respect to the
surrounding kink wall. The neutralizer common (o ground
potential was typically -5 V during operation,

~robc Positioning Svstem

The probe rake is mounted on a 3-D traverse mechanism
as shown in Fig. 3. This traverse rncchanism  uses pillow
blocks suppormd  by slide rails with ball screws and stepper
motors for motion control,

The coordinate axes of the traverse mechanism are as
follows: X axis - Left/Right, Y axis - Up/Down, Z axis
Front/Back. The origin of these axes correspond to X,Y,Z
= 0,0,0 and is located in the upper left hand corner of the
tank with the traverse as C1OSC to the thruster as limit
switches will allow. Positive X travel is from left to right
(facing in the direction of beam propagation), positive Y
travel is from top to bottom, and positive Z travel is from
front to rear. The pcsition  Z=O corresponds to a position
approximately 5 cm from the face of the engine.

The motion of the traverse mechanism was controlled by
a Macintosh Centris 650 computer with LabView
software, a digital 1/0 board and stepper motor driver
electronics. In order to know the position of the traverse
mechanism, the LabVicw software counted the number of
TTL pulses transmitted to the stepper motor drive
electronics and knowing the lead of the ball screw, the
cornputcr  calculates the location of the traverse with
respect to the starting position,

Data Acquisition Svstem

The Faraday cups were each connected across precision
resistors. A voltage conversion module converts the
voltage drop read across the resistor (-50 mV to +50 mV)
to a -5V to +5V signal which could be read by an analog
1/0 board resident within the Macintosh computer. As
mentioned above, the LabVicw data acquisition software
was used in order to control both the motion of the traverse
mechanism, and the acquisition ancl archiving of the raw
probe data,

The LabView software was configured so that at each
probe position seven data elements were saved in a row
configuration with standard ASCII text format. These data
clcmcnts  consisted of the probe number, the average value
of 200 probe samples, the standard deviation of these 200
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samples, the X, Y and Z coordinates for each probe (as
opposed to the X,Y,Z coordinates for the traverse), and the
time at which the data was taken. Each of these data
clcmcnts correspond to a column with in the archived file,

Procedure

Icst PcrfonnancC

With the vacuum chamber at a static pressure of 1.33 x
10-3 Pa, the scgmcntcd  ion thruster operating at the
parameters spccificd above in Table A, the probe
positioning systcm  placed the Faraday cup rake at an initial
X,Y,Z position and then proceeded to move the probe rake
in a zig-zag fashion from left to right and top to bottom,
The traverse mechanism would stop at prcdctermincd  X, Y
positions and data was acquired from each probe. The
probes were positioned with either 2.5 cm or 5 cm
spacing in the X and Y dircclions,  (2,5 cm spacing for Z
locations of 30.5 and 61,0 cm and 5 cm spacing for Z
locations of 91.5 and 122.0 cm). The traverse mechanism
used to obtain X-Y beam current density maps at four
different positions downstream from the thruster. Duc to
the geometry of the probe rake and operation of the traverse
mechanism, instances existed where data was acquired from
the same location more than once. This simply added data
to the systcm and caused a minimal inconvcnicncc  in the
data reduction and analysis.

The LabView program was configured so that the
operator could specify the total area of probe coverage, the
initial starting position for data acquisition, and the
spacing bctwccn  mcasurcmcnts.  This allowed the operator
to make a rough estimate as to the total area to be scanned,
thus reducing the time ncccssary to acquire an X-Y plane of
data.

Thruster f)ocration

Each of the ion sources equipped with carbon-carbon girds
(segments A,B&C) were operated individually and beam
current density maps obtained al Z positions of 30.5,61.0,
91,5 and 122,0 cm. The plan was then to operate the ion
sources in pairs and finally all four at once, Grid problems
with segment D would not permit sufficiently stable
opcrat ion 10 obtain beam profi  IC scans, therefore, data was
taken for only segments A, B, and C. Due to technical
problems with the probe positioning systcm  and
scheduling constraints the only multiple ion source
operation for which data could bc obtained was for
segments B&C.

Data Reduction and Transformation

The data acquired by the computer consislcd of X, Y, Z
locations of the particular probe, and a mcasurcmcnt  of the
current gcncratti  by the ion impingement on that  probe.
The units of X, Y, Z locations arc in inches bccausc  the

dimensions of the ball screws from the manufacturer arc in
English units. These measurements were converted to
metric units for processing to be done later. In addition,
the raw probe current readings (mA) were transformed to
current densities (mA/cm2).  There was however, the need
to determine the appropriate viewing area of the probes to
the thruster in order to transform the current to current
density. As the probes move off the centerline of the ion
source the area normal to the thruster dccrerrses  from the
nominal 4.104cm2. This is simply a trigonometric
transformation of the area, The geometry to determine the
angle for transformation is shown in Fig, 5. This viewing
area was not taken into account for the multiple segment
operation due to the uncertainty in determining the
appropriate angle for transformation.

Ion Source

Faraday Probe

Figure 5

As discussed above, there were instances of multiple
current samplings for the same probe locations, This
results, however, in an unacccprablc  format for some of the
post data processing techniques that were used, In order to
alleviate this problem, the multiple current readings were
simply averaged and this average value was used for all
subsequent processing,

Data AnalvsiS

The first step in the analysis of tho data obtained was to
calculalc  the total beam current cxtmctcd  from the thruster.
The procedure outlined below was used for data obtained
from operation of individual ion source as well as the, B-C
pair. This was accomplished by using Microsoft Excel to
sort the data such that the data was ordered firsl with
rcspccl  to X and second with respect to Y. Once this was
done, a simple application of Simpson’s 3/8 Rule for
numerical integration could be made to integrate the beam
profile. The first of a double integration was done with Y
as the variable of integration for each vahrc of X. Next,
the same numerical integration schcmcs were applied to
integrate the values previously obtained with X as the
variable of integration. After multiplying this resulting
value by an area transformation constant the final resulting
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V~]UC  should bcthc total beam currcntcxtracted  from the
thruster, ‘Ilis area transformation is the ralio  of the area of
a square with side length 2.29 cm to the area of a circle
with a diameter of 2.29 cm. Fig. 6 shows the current
profile as measured by the probes. The integration
discussed abovcis  simply adoublcinlegralion  over this
surface which determines thcvohrmc  containcxt  within the
contour. An advantage of lhis  technique is that is doesn’t
require the ion beam current density profile to be
symmetric,

Both two dimensional and three dimensional contour
plots of the current density as a function of X and Y were
generated using DcltaGraph  Pro. This was done at each Z
position for each ion source operating combination. This
allowed for qualitative comparisons of beam profiles
bctwccn  each ion source at the four Z positions. In
addition, a graphical progression of the extracted ion beam
was dcvclopcd  as a function of Z position (for both
individual ion source operation and multiple ion so~rcc
operation).

Slices of data passing through the center of the cxtractcd
ion beam along both the X and Y axes were gcncratcd.
This was done for each individual ion source operation
combination at each Z location. When these X and Y
slices were plotted along the same set of coordinates and
compared a qualitative evaluation as to the symmetry of
the exhausted ion beam was made. Additionally, these
slices  were plotted such that the different Z locations were
superimposed upon one another. This allowed for a
qualitative evaluation as to the dcvclopmcnt  of the
cxtractcd  ion beam as a function of distance from the
thnrstcr  (Z),

SOgmonl  B .24, Axial Dlstame

Figure 6

A test for repeatability was conducted to evaluate the
performance of the thrusicr  and the data acquisition system.
Four sets of data were taken for Segments B&C operating,
A .sIice’in the Y direction (a~ a constant value of X and Z =
30.5 cm) through the ccntcr  of the B-C plume was
extracted from each set of data and comparcxl.

A comparison was conduclcd  to look for any evidence of
beam interactions when multiple ion sources arc
simultaneously operating. Data was obtained for the
operation of Segment B and Segment C alone along with
operation of Segments B & C together. The data from
Segment B operation was added mathematically to the data
from Segment C operation and compared to the data
obtained from Segments B & C operalion.  This was not
just a simple overlay of the two data set on the same
contour plot, Duc to errors in the data obtained from the
operation of Segment C at Z = 91.5 cm and Z = 122.0 cm,
only the data at Z = 30.5 cm and Z== 61,0 cm was used.

Finally, an attempt to characterize the divergence of the
plume was conducted. This involved the placing of a
circles upon the 2-D current density contour plots of
Segment B at Z = 30.5, 61.0, 91.5, and 122.0 cm. As
dcmonsm’ated  in Fig. 7, these circles correspond to the
divcrgcncc  angles of 5° and 10°. This method does not
give an accurate determination of the plume divergence
angle, but it will give a qualitative understanding as to
how the plume widens with distance from the thruster.

Figure 7
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Results and Discussion

Bean-l Cu rrcnt Intcmi

A compilation of lhc integrated beam currents for the
different segment operation combinations and distances
downstream from the origin is given in Table B. The
nominal operating beam currents for all these dala were
425 mA pcr segment. The only exception is for the
opcralion  of Segment C at Z = 91.5 cm and at Z = 122.0
cm,

Table B
Segment I Z (cm) Calculated Beam I

.J”,.J -t LO. JJ

61.0 374.40
91,5 403.70
1~-fi * /n n.

I I Current (mA)
A 7n ‘s AI Q’2<

A
A
A 1 LL. W 3W.UI
B 30.5 409.22
B ~rl c A94.33
B 1< -A

B 71, J 4ul’).Yu

1? 122,0 371.48
c 30.5 413.80
c 610 ?Qn ?Q

laB&C
B&C
B&C
B&C
n 9.0

t

.JU..J I vu

61.0 40J. 1+
n> c I Afi C nfi

I
--, - ., .”.”.

P* 91.5 382.98
122,0 334,87
30,5 748,40
30.5 811.62
30.5 805.18
30.5 813,38

D Qf,u 61.0 770.99
B&C 61.0 733.27
RR, P 91.5 669.68

t~~n <9C n.

=1
1

“&b

B&C t 1 L/,. u I O>>.(l>

As can be seen from Table B, the calculated total beam
current is within f5Y0 of lhc expected value for many of
the test cases and within f 15% of the expcctcd value for
almost all of the test cases. There arc two primary
mczhanisms  for these di ffcrcnccs bet wecn the cxpecled and
calculated vahrcs.  The first is that the total beam current is
decreasing with distance from the thruster. This is
primarily duc to charge cxchangc  bctwccn  the ions.
Although this is an important factor, it should bc no more
than approximately 1% for the vacuum tank back pressures
cxpcricnced during these tests. The second and more likely
mechanism is that the range of motion spccificd  for the
probe rake was too small. ‘I’his is evident in most of the
3-D current density contour plots shown below. At [hc
edges of lhc contours, which correspond to the spccificd
limits of the traverse motion, significant portions of the
ion beam were not sampled. Although the current density
is relatively small in these regions compared to the ccntcr
of the beam, the area over which the current density should
bc integrated is substantial. This results in a calculation

of the total beam current that could be significantly lCSS
than the expected value. Specifying a larger travel area for
the probes during data acquisition should rectify this
problcm.

Also evident in the 3-D current density contour plots
shown below, for the case of Z = 30.5 cm, the peak of the
conlour has been clipped. This clipping was (Iuc to
saturation of the voltage conversion modules. Rcsizing
the resistors for a higher maximum peak current density
should correct this problcm.

Orrcnt  Dcnsitv  ProfilcS

Figs, 8-10 depict the current density profiles for
segments A, B and C at a Z position of 61,0 cm, Part (a)
of each of these figures is the 2-D contour plot
corresponding 10 the 3-D plots  in part (b).

I’hc shapes of the 2-D and 3-D current density contours
are of importance because of their relation to grid erosion.
Regions of higher current density will cause greater erosion
than regions of lower current density. Ideally it is desirable
for an extracted ion beam to bc uniform in magnitude over
the surface of the grids.

It can bc observed in the 3-D contcmr  plots that the beam
current is relatively high in the ccntcr and falls off rapidly
at the edges. Unfortunately the data taken thus far is at
Icast 35 cm from the grid surface. A detailed understanding
of the current density profile at the grid surface is not
possible with this data, However, it can bc inferred, that
based upon the data collected, the current density toward the
ccntcr  of the ion source will be higher than found at the
edges of the ion source, Further testing with data taken
CIOSC to the grid surface is planned.

Onc of the more prominent characteristics of the contour
plots found in Figs. 8b, 9b and 10b is the difference in
shape bctwccn the three ion sources. ~’he 2-D contour
plots of segment A and segment C arc largely elliptic.al in
shape as opposed to the circular shape cxpcctcd.  The 2-D
contour plot of segment B is significantly more circular
than segments A and C. However, a slight  elongation in
the Y direction of the segment B ccmtour plot is visible.
These elliptical shapes imply that the plumes are not
symmetric about the ion source ccntcr line.

It is also of interest to note that the orientation of the
elliptical contour plots arc not the same for each segment,
l’hc contour plot from segment A is angled such that the
semi-major axis of the contour is rotated approximately
10° from the Y axis in the counterclockwise direction.
Segment B seems to bc oriented in a similar fashion,
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however, segment C is oriented such that the semi-major parallel to the X and Y axes. If the plumes arc symmetric
axis is almost aligned with the Y axis.

Three potential causes for the elliptical shape of the
contours have been identified. The first is some sort of
coordination error between the probe positioning system
(PPS) the computer. If the PPS does not move exactly as
the computer expects then a distortion of the contour plots
will result. Although this could sufficiently explain the
elongation of the 2-D contour plots, it does not lend itself
to an adequate explanation as to the different orientations
bctwccn  the three segments. In addition, an initial
assessment as to lhc repeatability of the PPS was made.
The repeatability seemed to bc quite acceptable. According
to the 2-D contour plots, the elongation and orientations
are different for each segment which would imply a low
level of rcpcatabilily. Further testing of the traverse
mechanism is required in order to evaluate this possibility.
A second potential cause is misalignment of the grids. If
the holes in the scrccn, accclcrator,  and dccclcratc  grids arc
not accurately aligned, it is conceivable that the 2-D
contour plots would bc skewed in some manner.
Evaluation of the alignment of the grids could help assess
this possibility. The last possibility identified is some
sort of local warping of the grids. The grids used, as stated
above, arc made from flat carbon-carbon panels. Thermal
warping could cause misalignment of the grid holes as
discussed above, again resulting in a distortion of the
current density contour.

The cxistcncc of elliptical current density contour plots
suggest that the ion beams cxtractcd do not have
symmetrical gcomctrics  about the ccntcrlinc.  Figures 11-
13 were generated in order to better evaluate this. The
profiles in Figs. 11-13 arc slices of data that run
approximately through the centerline of the plume and

about the centerline and the slices are along this centerline,
the X and Y slices should bc identical in shape and size.
Unfortunately the operation of the probe positioning
system did not allow for slices to cut directly through the
ccntcrlinc  of the plume and some uncertainty as to whether
the plumes arc symmetric was introduced. However, this
uncertainty can not account for the large discrepancies
bctwccn  the X and Y slices in Figs. 11 and 13. The
difference bctwccn the X and Y slices in Fig. 12, however,
could possibly bc explained by this uncertainty.

This evaluation of the current density profile adds to the
belief that segments A and C produce asymmetric plumes
while segment B produces an almost symmetric plume.

Plume Sv mmctrv  Evaluation

Figures 11-13, as shown below, arc plots depicting the
current density along X and Y slices through the center of
the cxtractcd  ion beam. This was done for each ion
source operated individually. Comparison between the X
and Y s!iccs gives an indication of the plume symmetry.
The reasons for the observed asymmetry in segments A&C
arc not known,

Current DcnsitY  $pal ial Dcvclonmcctt

Figures 14-17 arc an initial step in understanding and
describing ion beam evolution as a function of downstream
position. The shape of the plume begins with a large
concentration of ions in the ccntcr of the beam and the
current density dccreascs  rapidly with radial distance from
the ccntcrlinc.  As the ions move furlhcr  downstream the
current dcnsi[y  profile bccomcs  wider and with a lower
pc~k. The peak currcru  density at 35 cm downwrcam  from

8
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the ion source is about 1.8 mA/cm2, 127 cm from the ion corresponds to the operation of two ion sources. Figure 22
source the ncak current dcnsitv  is about 0.4 mA/cm2. also shows this development of the plume as Z incrwscs.
Although th~ ~k of the current ~ensity dccrcascs  to”about
22% of the current density at Z = 30.5 cm, the total
measured beam current dccrcascs only a fcw pcrccnt.
Thcrcforc,  the base of the current density profile bccomcs
wider as the distance from the ion source incrcascs.

A similar set of 3-D contour plots pertaining to the
operation of segments B&C can bc found in Figs. 18-21.
The peaks at Z = 30,5 cm arc similar in size and shape 10
those founcl  for single ion source operation. As Z
incrcascs  this similarity begins to diminish. At Z =
122,0 cm the current density profile looks like that from a
single operating ion source cxccpt for the fact that the total
integrated beam current is around 800 mA which

SWm Ooeration RCD-ili

‘l’he slices of data obtained for a constant value of Y
through the ccntcr  of the ion beam extracted from the
operation of segments B&C arc shown in Figs. 23 and 24.
Four separate sets of data were acquired at a Z location of
30.5 cm. Figure 23 shows these data curves without any
data adjustment. However, Fig. 24 depicts the same data
cxccpt that the curves for Series 1 and 2 were shifted by 3
cm to the left. This shift is believed to bc the result of
probe positioning error and this 3 cm shift was most likely
caused by slipping of the Y traverse because of gravity or
possibly error in the setting of the traverse at the origin
(0,0,0). This problcm  was noted in other tests and will bc
corrcctc4i in the future.
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.
Other than the 3 cm shift of the dam, the profiles all

s~m to fit well with each other thus demonstrating that
the systcm can kc operated with a satisfactory Icvcl of
rcpcatabllity.

~ulli~lc Beam IntcractioQ

The current density 3-D contour plots for the
simultaneous operation of Segments B & C arc compared
to the resulting 3-D contour plots for the mathematical

mathematically added data is in the region bctwccn the ion
sources. The peaks of the profiles are about the same and
arc in approximately the same locations, but the regions
lyjng  bctwccrr the peaks arc quite different. For Z = 30.5
cm, the measured profiles scan to have current densities
of about 1,2 mA/cm2 between the peaks, and the calculated
profiles seem to have current densities of about 0.6
mA/cm2 between the peaks. This same phenomena occurs
at Z = 61.0 cm.

addition of Sc~mcnt  B opcrat~on with that of segment C
operation. This is shown in Figs. 25 and 26 for Z=30.5

The cause of these differences could possibly bc due to
limitations of the software used to create the contour tiots

and 61.0 cm, respectively. or it could be a real effect. More data is ncccssary to 6cucr

The primary differences
using measured data

bctwtxm the 3-D contour plots
address this,
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Figure 18
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10n Ikam DivcrzcH

Asshown in Figs. 27-30, thecirclcs  corrcspondingto
bcamdivcrgcncc  anglcsof5°  and 10°arcsupcrimposed
upon the 2-D current density contour plots  for segment B.
This was done for the four different Z positions relative to
thcthrustcr.  According tothese figures arelativcly  small
portion of the bcamexists  outside ofthcl  OOcirclc.  More
of the beam exists outside the 5° circle but still a relatively
srnallamount.  Thcratio ofionbcamc  onccntra[ion  within
the circle to that of tic ion beam outside the circle seemed
to remain constant as Z increased.

Conclusion

A numerical integration scheme was applied to the
acquired data to determine the total beam current. These
calculated values were generally within 5% of the values
measured by the SIT power processing electronics.
Asymmetries of the ion beam about the centerline were
observed for segments A and C. The causes for these
asymmetries arc as of yet unknown. A qualitative analysis
of the downstream dcvclopmcnt of the ion beam was

conducted, The widening of the beam and incrcasc  in
uniformity of the current density were noticed. The
reconstruction of current density profiles produced from
simultaneous operation of multiple ion sources using data
obtained from the operation of single ion sources was
attempted. This exercise was limited in success. The
calculated model did not display as high a current density
lCVCI bctwccn  the ion sources as did the measured. An
initial look at the divergence of the plume suggests that
the divergence angle is less than 100. Valuable trends
pertaining to the development of ion plumes from the
scgmcntul  ion thruster have been noted. However, most of
the data acquired thus far has been on somewhat of a trial
basis and was used to help get the bugs out of the system.
This includes both operational difficulties with the
scgmcntcd ion thruster and the data acquisition system used
to collect the data, More extensive tests regarding the
current density profiles of the segmented ion thruster arc
$chcdulcd to begin within 1 month.
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